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ABSTRACT
We present the results of a multi-frequency, time-averaged analysis of blazars included in the Candidate
Gamma-ray Blazar Survey catalog. Our sample consists of 324 γ-ray detected (γ-ray loud) and 191 non γ-ray
detected (γ-ray quiet) blazars, and we consider all the data up to 2016 April 1. We find that both the γ-ray
loud and the γ-ray quiet blazar populations occupy similar regions in the WISE color-color diagram, and in the
radio and X-ray bands γ-ray loud sources are brighter. A simple one-zone synchrotron inverse-Compton emis-
sion model is applied to derive the physical properties of both populations. We find that the central black hole
mass and the accretion disk luminosity (Ldisk) computed from the modeling of the optical-UV emission with
a Shakura-Sunyaev disk reasonably matches with that estimated from the optical spectroscopic emission-line
information. A significantly larger Doppler boosting in the γ-ray loud blazars is noted, and their jets are more
radiatively efficient. On the other hand, the γ-ray quiet objects are more MeV-peaked, thus could be poten-
tial targets for next-generation MeV missions. Our results confirm the earlier findings about the accretion-jet
connection in blazars; however, many of the γ-ray quiet blazars tend to deviate from the recent claim that the
jet power exceeds Ldisk in blazars. A broadband study, considering a larger set of γ-ray quiet objects and
also including BL Lacs, will be needed to confirm/reject this hypothesis and also to verify the evolution of the
powerful high-redshift blazars into their low-power nearby counterparts.
Keywords: galaxies: active — gamma-ray: galaxies— galaxies: jets— galaxies: high-redshift— quasars: gen-
eral
1. INTRODUCTION
Blazars are radio-loud (RL) active galactic nuclei (AGN)
that are known to host powerful relativistic jets closely
aligned to the line of sight to the observer (e.g., Urry &
Padovani 1995). Blazars are known to emit radiation over
the entire electromagnetic spectrum, from low-energy radio
waves to very-high-energy γ-rays, and they also exhibit flux
and polarization variations (Stalin et al. 2002; Sagar et al.
2004; Jorstad et al. 2010; Aleksic´ et al. 2011; Bachev et al.
2012; Paliya et al. 2015; Marchesini et al. 2016). All these
effects are believed to arise from the Doppler boosting that
occurs due to the peculiar orientation of the jet (viewing an-
gle θv < 1/Γ; where Γ is the bulk Lorentz factor of the jet).
Accordingly, for each observed blazar with a known Γ there
vpaliya@g.clemson.edu
exist 2Γ2 intrinsically similar sources with their jets pointed
in other directions.
Based on the equivalent width (EW) of the optical emis-
sion lines, blazars are classified as flat spectrum radio quasars
(FSRQs) and BL Lac objects, with FSRQs exhibiting broad
emission lines (EW>5A˚). The observation of strong emis-
sion lines from FSRQs indicates the presence of a luminous
broad line region (BLR), which in turn suggests a high and
efficient accretion process that illuminates the BLR (e.g.,
Sbarrato et al. 2012). In fact, the infrared-to-ultraviolet (IR to
UV) spectrum of many FSRQs is found to be dominated by
the thermal emission from the accretion disk (e.g., Ghisellini
et al. 2010). The presence/absence of narrow emission lines
in the optical spectrum of BL Lac objects, on the other hand,
indicates a relatively low and inefficient accretion and/or the
dominance of the non-thermal synchrotron radiation origi-
nating from the plasma moving along the relativistic jet.
The radio to γ-ray spectral energy distribution (SED) of
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blazars exhibits a characteristic double hump structure. The
low-energy peak lies at radio to optical-UV or X-ray fre-
quencies and is attributed to synchrotron emission, whereas
the origin of the high-energy peak is often associated to the
inverse Compton (IC) scattering off low-energy photons by
the energetic electrons present in the jet. When the low-
energy target photons are provided by synchrotron emission,
the IC mechanism is called synchrotron self Compton (SSC;
e.g., Marscher & Gear 1985). This, along with the syn-
chrotron process, is found to satisfactorily explain the broad-
band SEDs of BL Lac objects (e.g., Tavecchio et al. 2010;
Yan et al. 2014). On the other hand, the high-energy γ-ray
emission from powerful FSRQs is conventionally explained
by the IC process with low-energy photons originating out-
side the jet (External Compton or EC; e.g., Begelman &
Sikora 1987). In this case, the reservoirs of seed photons
for IC mechanism could be the accretion disk (Dermer &
Schlickeiser 1993), the BLR (Sikora et al. 1994), and/or the
dusty torus (Błaz˙ejowski et al. 2000). The SED of blazars
is also successfully reproduced by hadronic processes (e.g.,
Mu¨cke et al. 2000), though the resulting parameters (e.g.,
magnetic field) are found to be quite extreme (e.g., Abdo
et al. 2011).
It is well known since the Energetic Gamma Ray Exper-
iment Telescope (Thompson et al. 1993) era that the high-
energy γ-ray extragalactic sky is dominated by blazars (Hart-
man et al. 1999). This has later been confirmed with the ad-
vent of the Large Area Telescope onboard Fermi Gamma-ray
Space Telescope (Fermi-LAT; Atwood et al. 2009). In fact,
Fermi-LAT detected more than a thousand blazars in its first
four years of operation (Ackermann et al. 2015). The avail-
ability of good quality Fermi-LAT data, complemented by
the lower-frequency monitoring from various observing fa-
cilities1, has allowed population studies of blazars (see, e.g.,
Ghisellini et al. 2009, 2010; Tavecchio et al. 2010; Meyer
et al. 2011; Ajello et al. 2012; Giommi et al. 2012b; Finke
2013; Ajello et al. 2014; Ghisellini et al. 2014; Kang et al.
2014; Zhang et al. 2014; Chen et al. 2015; Ghisellini &
Tavecchio 2015; Fan et al. 2016; Krauß et al. 2016; Mao et al.
2016; Ghisellini et al. 2017).
Though Fermi-LAT has observed a significant γ-ray emis-
sion from a large number of blazars, an even larger number
of such sources is yet to be detected in the γ-ray band (e.g.,
Massaro et al. 2015). Various explanations have been pro-
posed to explain this, such as the differences in the Doppler
boosting, apparent jet speed, apparent opening angle, very
long baseline interferometry core flux densities, and bright-
ness temperatures (Pushkarev et al. 2009; Lister et al. 2015).
Motivated by the availability of good quality multi-
wavelength (MW) data set for a large number of blazars, we
1 https://fermi.gsfc.nasa.gov/ssc/observations/multi/programs.html
Table 1. The CGRaBS sample studied in this work. Apart from
them, we also include four CGRaBS blazars that were recently re-
ported as γ-ray emitting source in literature. See the text for details.
γ-ray loud
Catalog FSRQs BL Lacs
3FGL 235 75
2FGL 8 0
1FGL 2 0
γ-ray quiet
Catalog FSRQs BL Lacs
CGRaBS 185 6
systematically study their broadband properties using both
observational and theoretical SED modeling approaches.
Our primary goal is to investigate the fundamental properties
of blazars such as the accretion-jet connection, the cosmo-
logical evolution of relativistic jets and also the differences in
the physical characteristics of the known γ-ray sources and
non γ-ray emitters. Compared to earlier studies, we focus
on the observational results and then interpret them using a
leptonic emission model. Here we present the results of our
study on the blazars included in the Candidate Gamma-ray
Blazars Survey catalog (CGRaBS; Healey et al. 2008). Ours
is probably the largest sample of blazars on which a physical
SED model is applied. In Section 2 we describe the steps
adopted to select the objects, and in Section 3 the details of
the data reduction procedures are given. The observational
results are presented in Section 4. We briefly describe the
adopted one-zone leptonic emission model in Section 5 and
present the results associated with the SED modeling in Sec-
tion 6. We discuss our findings in Section 7 and summarize
in Section 8.
We adopt a flat cosmology withH0 = 67.8 km s−1 Mpc−1
and ΩM = 0.308 (Planck Collaboration et al. 2016).
2. THE SAMPLE
CGRaBS is a flux-limited (8.4 GHz flux density> 65 mJy,
see also, Healey et al. 2007) catalog of 1625 high-latitude
(|b| > 10◦), flat radio spectrum objects prepared to serve
for the MW followup of likely γ-ray emitting AGNs (Healey
et al. 2008). To determine the γ-ray detected CGRaBS
blazars, we cross-match CGRaBS with all of the Fermi-
LAT catalogs2 (3FGL, 2FGL, 1FGL, and 0FGL, sequen-
tially; Acero et al. 2015; Nolan et al. 2012; Abdo et al. 2010,
2009). This is done by searching for a CGRaBS counter-
part of the γ-ray source within its 95% positional uncer-
tainty. We consider a source to be γ-ray detected if it is in-
2 The motivation behind cross-matching CGRaBS with all of the Fermi-
LAT catalogs is to take into account the possibility that an object might have
appeared in earlier catalogs but was left out in later ones, probably due to
the detection significance of the source falling below the threshold.
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cluded in any of the Fermi-LAT catalogs. We find a total
of 467 matches and 1178 remain as no-LAT detected. Fur-
ther, we look into the HEASARC archive for the availability
of MW data, particularly X-rays. In our final sample, we
keep only sources that have existing MW data set and have
redshift information either given in Fermi-LAT AGN cata-
logs or in CGRaBS. This exercise has led to the inclusion of
515 CGRaBS sources comprising 324 γ-ray detected (or γ-
ray loud) blazars and 191 non γ-ray detected (hereafter γ-ray
quiet) objects. Table 1 presents the breakdown of sources by
type for the entire sample. We also consider four CGRaBS
blazars that were recently reported as new γ-ray emitters.
These include J0225+18463 (Paliya et al. 2016), J0646+4451
and J2129−1538 (Ackermann et al. 2017) and J1829−5813
(Buson 2014). Moreover, we keep the FSRQ/BL Lac distinc-
tion as given in Fermi-LAT catalogs or in CGRaBS4. Since
there are only a few BL Lac objects present in our sample
(∼ 15%), we refrain from performing a detailed compari-
son of their physical properties with FSRQs and defer it to
a future publication where we will consider all Fermi-LAT
detected blazars, including those FSRQs and BL Lac objects
that are not present in this work (Paliya et al., in preparation).
Instead, here we focus on comparing the MW properties of
the γ-ray loud and the γ-ray quiet CGRaBS sources.
Our results are based on the time-averaged study of
CGRaBS sources, as we have considered all of the avail-
able MW data (up to 2016 April 1) without producing for
each source multiple SEDs with only contemporaneous data.
Blazars are known to show fast variability; however, due to
our very large sample such detailed analysis was not feasi-
ble. The non-simultaneity could affect the parameters of the
individual objects; however, in an overall statistical sense the
derived distributions of the results are reliable. We assume
that the averaged data represent a typical activity state of the
source. This assumption may not be valid for any individual
blazar, but it is a reasonable choice when studying hundreds
of objects. The motivation is to characterize the population
as a whole. Our approach is similar to that adopted in Ghis-
ellini & Tavecchio (2015), although we also reduce the MW
data to understand the observational properties of CGRaBS
quasars, and we update the γ-ray results using the latest ad-
vancements in the Fermi-LAT data, particularly the release
of the Pass 8 dataset (Atwood et al. 2013). Furthermore, our
sample size is significantly larger and consists of both γ-ray
loud and γ-ray quiet blazars, whereas Ghisellini & Tavecchio
(2015) have focused solely on γ-ray loud objects.
3. DATA REDUCTION
3 We do not use the prefix CGRABS for the sake of clarity.
4 If a source is classified as a FSRQ in the Fermi-LAT catalog and as a
BL Lac in CGRaBS, we consider it as a FSRQ. This is because the Fermi-
LAT catalogs are updated with more recent results. However, for γ-ray
quiet sources we follow the CGRaBS classification.
3.1. Fermi-LAT
We consider the Fermi-LAT Pass 8 source class photons
collected for the period 2008 August 5 to 2016 April 1 (∼92
months) for all 515 blazars studied in this work. We follow
the standard data reduction procedure5, but with a few mod-
ifications (see also, Ackermann et al. 2017). A sky model
is defined considering all γ-ray sources included in 3FGL
(Acero et al. 2015) lying within a region of interest (ROI)
of 15◦ radius centered on the target quasar. The isotropic
and Galactic diffuse emission models (Acero et al. 2016) are
also considered. We perform a binned likelihood analysis
to derive the best optimized spectral parameters of all of the
sources and power-law normalization factors of the diffuse
background models. The significance of the source detection
is computed by means of the maximum likelihood test statis-
tic TS= 2∆ logL, where L denotes the likelihood function,
between models with and without a point object at the posi-
tion of the source of interest. The spectral models of all of
the Fermi-LAT detected blazars are the same as those con-
sidered in the LAT catalogs, whereas for the remaining γ-ray
quiet sources we adopt a simple power-law model to compute
the upper limits.
We use a minimum energy of 60 MeV and set the energy
upper limit (Emax) to 300 GeV. To account for the poorer en-
ergy resolution of the Fermi-LAT at lower energies we enable
the energy dispersion correction for all of the objects except
the background diffuse models. Moreover, Pass 8 introduces
the classification of photons by point-spread-function (PSF)
type, sub-classified into four quartiles by quality of direc-
tional reconstruction, with the lowest (PSF0) and the highest
(PSF3) quartiles having the worst and the best, respectively,
angular reconstruction. We perform a component-wise anal-
ysis for each PSF and finally perform a joint fitting using the
SUMMED likelihood method of the Science Tools6.
In order to search for faint γ-ray emitters that are present
in the data but not in the 3FGL catalog, we adopt an iter-
ative approach. This step is necessary to update the back-
ground models in order to derive the accurate spectral pa-
rameters for the sources of interest. We generate a residual
TS map for each ROI and scan it for unmodeled excess emis-
sions (TS≥25). Once found, the locations of such unmod-
eled objects are optimized and inserted in the model file with
a power-law spectrum. We repeat this procedure until the TS
map stops showing any excess emission.
For γ-ray quiet blazars, we calculate the 3σ Fermi-LAT
flux sensitivity limit in the direction of the source, for the
period covered in the analysis and assuming a photon in-
dex of 2.4. For all sources, flux upper limits are derived at
95% confidence for energy bins with TS< 9 while generat-
5 http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/
6 http://fermi.gsfc.nasa.gov/ssc/data/analysis/software/
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ing γ-ray spectra of the sources. All errors associated with
the Fermi-LAT data analysis are 1σ statistical uncertainties,
unless specified. The entire data analysis is performed us-
ing the publicly available python package fermiPy (Wood
et al. 2017).
3.2. Swift
We use all of the data from the three instruments onboard
the Swift satellite (Gehrels et al. 2004): the Burst Alert Tele-
scope (BAT, 15−150 keV; Barthelmy et al. 2005), the X-Ray
Telescope (XRT, 0.3−10 keV; Burrows et al. 2005), and the
Ultraviolet Optical Telescope (UVOT Roming et al. 2005),
which can observe in six filters, V,B,U, UVW1, UVM2,
and UVW2.
We use publicly available 70-month Swift-BAT survey
(Baumgartner et al. 2013) spectra and the instrument re-
sponse file to cover the hard X-ray (15−150 keV) part of
the SEDs of the blazars included in it.
We generate 0.3−10 keV XRT spectrum using the online
tool “Swift-XRT data product generator7” (Evans et al. 2009).
The source spectra are appropriately rebinned (20 or 1 counts
per bin, depending on the brightness of the source), and
we perform the spectral fitting in XSPEC. The faint sources
are fitted with a simple power-law model following the C-
statistic (Cash 1979). For the remaining objects we follow
a χ2 fitting procedure. In the χ2 method, we fit two models,
power law and log parabola, and choose the best-fitted model
based on the outcome of the f-test8. We consider the
Galactic neutral Hydrogen column densities from Kalberla
et al. (2005). The uncertainties are estimated at the 90% con-
fidence level.
We combine UVOT snapshots using the tool uvotimsum
and extract source magnitudes with uvotsource. For the
latter, we extract the source counts from a circular region of
5′′ radius centered at the quasar. The background is cho-
sen as a circular region of the radius of 30′′ from a nearby
region free from source contamination. The extracted mag-
nitudes are corrected for the Galactic reddening (Schlafly &
Finkbeiner 2011) and converted to energy flux using the con-
version factors of Breeveld et al. (2011).
3.3. XMM-Newton and Chandra
The XMM-Newton (Jansen et al. 2001) data (0.3−10 keV)
are analyzed using the Science Analysis Software version
15.0.0. The task epproc is used to generate EPIC-PN
event files. We remove the high flaring background using
evselect. To extract the source and the background spec-
tra, we define the respective regions as circles of 40′′ ra-
dius each with the source region being centered at the quasar
7 http://www.swift.ac.uk/user objects/
8 We prefer a log-parabola model over the power-law, if the f-test
probability of null hypothesis is < 10−4.
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Figure 1. The redshift distribution of γ-ray loud (red solid) and γ-
ray quiet (blue dashed) quasars. For an equal comparison, we have
normalized the distributions, i.e., the number of the sources at the
peak of the distribution has been set equal to unity. The solid cyan
line represents the redshift of the most distant known γ-ray emitting
blazar in the 3FGL catalog, i.e., z = 3.1. New γ-ray loud blazars
lie beyond this value (see also, Ackermann et al. 2017).
and the background from the same chip but avoiding con-
taminating objects. The response files are generated using
the tool rmfgen and arfgen. We bin the spectra using
specgroup to have a minimum of 20 counts per bin and
use XSPEC for spectral fitting.
We reduce the Chandra (Weisskopf et al. 2000) Advanced
CCD Imaging Spectrometer data (ACIS, 0.3−7 keV) using
the package Chandra Interactive Analysis of Observations
(CIAO, version 4.9) and the associated calibration database
(v 4.7.3). The data are first reprocessed with the tool
chandra repro. The source and the background spectra
are extracted from the cleaned and calibrated event file us-
ing the tool specextract. A circular region of 3′′ radius
centered at the source of interest is chosen to extract source
counts, and the background is selected as a circle of 10′′ ra-
dius from a nearby source-free region. The data are binned to
have at least 20 or 1 count per bin (depending on the bright-
ness of the source), and we perform the fitting in XSPEC.
4. OBSERVATIONAL CHARACTERISTICS
4.1. Redshift distribution
We show the redshift distribution of both γ-ray loud and
γ-ray quiet blazars in Figure 1. The distributions are normal-
ized for an equal comparison. As can be seen, the sample of
γ-ray quiet blazars spans a larger redshift range and the most
distant γ-ray quiet object has a redshift of 5.47 (J0906+6930;
Romani et al. 2004). The relatively low redshifts of γ-ray
loud sources could still be due to the relatively high flux
CGRaBS BLAZARS 5
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Figure 2. Left: The 1.4 GHz flux density of γ-ray loud (red) and γ-ray quiet (blue) blazars as a function of their redshift. The gray data points
correspond to the radio flux densities of the sources included in the Million Quasar Catalog (MQC). The horizontal dashed line represent the
median flux density of MQC sources. Right: The radio flux density distributions of γ-ray loud and γ-ray quiet sources. The distributions are
fitted with a Gaussian function whose width is quoted.
threshold of Fermi-LAT. However, it is important to note that
there are two sources in our sample, J0646+4451 (z = 3.41)
and J2129−1538 (z = 3.28), from which significant γ-ray
emission is detected. Both these objects are located farther
away than the most distant blazar reported in 3FGL (3FGL
J0540.0−2837, z = 3.1). They were recently found by Ack-
ermann et al. (2017) as new γ-ray loud blazars.
4.2. Radio Properties
Both γ-ray loud and γ-ray quiet objects present in our
sample are bright radio sources. In the left panel of Fig-
ure 2, we compare the 1.4 GHz flux densities (F1.4 GHz)
of our sources with those included in the Million Quasar
Catalog (MQC; Flesch 2015)9. All CGRaBS sources have
F1.4 GHz > 100 mJy. They are well above the median
radio flux density of MQC objects (∼5 mJy, shown with
a black dashed line). Comparing the γ-ray loud and γ-
ray quiet sources (the right panel), we find that the γ-ray
loud blazars are brighter (〈F1.4 GHz〉 = 776 mJy) than the γ-
ray quiet sources (〈F1.4 GHz〉 = 447 mJy). Fitting the shown
distributions with a Gaussian function returns an equal dis-
persion of 0.4 dex.
4.3. WISE IR-colors
9 We derive F1.4 GHz from F8.4 GHz provided in the CGRaBS catalog,
assuming α = 0 (F ∝ να). For MQC objects, we extract F1.4 GHz from
the NRAO VLA Sky Survey (NVSS; Condon et al. 1998). This is done by
searching for the NVSS counterpart of the MQC source within the positional
uncertainty reported in the NVSS catalog.
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Figure 3. The WISE [3.4]−[4.6]−[12] µm color-color diagram for
CGRaBS quasars (red and blue for γ-ray loud and γ-ray quiet ob-
jects, respectively) and MQC sources (gray). The black dashed and
dotted lines correspond to the WISE Gamma-ray strips for FSRQs
and BL Lac objects, respectively (Massaro et al. 2012).
Recently, it has been noticed that Fermi-LAT detected
blazars occupy a distinct region in the Wide-field Infrared
Survey Explorer (WISE; Wright et al. 2010) mid-IR color-
color diagram, named the WISE Gamma-ray Strip (WGS;
Massaro et al. 2011). In Figure 3, we show the WISE 3.4−4.6
versus 4.6−12 µm color-color plot for CGRaBS objects and
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Figure 4. The distribution of the observed 0.3−10 keV X-ray flux (left) and photon index (right) for the γ-ray loud and γ-ray quiet blazars. We
show the results only for those sources whose X-ray spectra are fitted with an absorbed power-law model, for an equal comparison. See the text
for details.
also include MQC sources for a comparison10. A majority of
the γ-ray loud blazars are found to occupy a narrow region
in this diagram (see red points and WGS for FSRQs and BL
Lac objects), confirming earlier results. Interestingly, γ-ray
quiet blazars are also found to be centered in the same re-
gion of the diagram, however with a larger scatter. This can
be understood in terms of the origin of the IR emission. As
also noticed in D’Abrusco et al. (2012), the observed corre-
lation between 3.4−4.6 µm and 4.6−12 µm colors is tighter
for the objects in which both IR and γ-rays originate from
the same electron population via synchrotron and SSC/EC
mechanisms. On the other hand, the IR emission in FSRQs
could be dominated by thermal radiation from the torus and
hence may not correlate with the γ-ray emission. Indeed,
out of 191 γ-ray quiet blazars 185 are FSRQs, indicating the
thermal origin of the IR emission as a possible explanation
for the observed scatter.
4.4. X-ray emission
There are Swift-XRT observations for a major fraction
(> 90%) of CGRaBS quasars. For bright sources (e.g.,
J1256−0547 or 3C 279), we also find XMM-Newton and/or
Chandra data, though we prefer to use Swift-XRT as it al-
lows us to use the simultaneous optical-UV observations
from the UVOT. In Table 2 and 3, we present the results of
the Swift-XRT data analysis for the γ-ray loud and the γ-ray
quiet blazars, respectively. Furthermore, for 18 objects (2 γ-
ray loud and 16 γ-ray quiet), we could find only Chandra or
XMM-Newton observations, which we use to extract the spec-
10 We determine the WISE counterparts within 6′′ of the radio position.
tral information in the X-ray band. We report the associated
fitting parameters in Table 4.
We compare the X-ray properties of the γ-ray loud and
the γ-ray quiet blazars in Figure 4. This is done for the ab-
sorbed power-law modeled objects, which constitute a major
fraction (> 93%) of the sample, and including all soft X-
ray instruments, i.e., Swift-XRT, Chandra-ACIS, and XMM-
Newton EPIC-PN. For an equal comparison, we extrapolate
Chandra analysis results to 10 keV. In the 0.3−10 keV en-
ergy range, the γ-ray loud sources (〈F0.3−10 keV〉 = 1.4 ×
10−12 erg cm−2 s−1) are brighter than the γ-ray quiet ob-
jects (〈F0.3−10 keV〉 = 6 × 10−13 erg cm−2 s−1); however,
the spectral slopes (〈Γ0.3−10 keV〉 = 1.58 for both) of the dis-
tributions are similar (Figure 4), with a slightly larger scatter
for γ-ray quiet blazars.
5. MODELING THE BROADBAND EMISSION
The MW SEDs of blazars are often modeled with a one-
zone synchrotron-IC model (e.g., Dermer et al. 2009; Ghis-
ellini & Tavecchio 2009; Sikora et al. 2009). We adopt the
leptonic emission model of Ghisellini & Tavecchio (2009) to
interpret the broadband SEDs of CGRaBS blazars and briefly
describe it here. The emission region is considered to have
a spherical shape, located at a distance Rdiss from the cen-
tral black hole of mass MBH. It moves along the jet axis
with a bulk Lorentz factor Γ. Under the assumption of a con-
ical jet with semi-opening angle ψ = 0.1 radian, the size
of the emission region is constrained from Rdiss. We as-
sume the initial acceleration phase of the jet by considering
Γ ∼√Rdiss/3RSch up to a final value and constant after that
(Vlahakis & Ko¨nigl 2004; Komissarov et al. 2007; Ghisellini
& Tavecchio 2009), where RSch is the Schwarzschild radius.
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The emission region is assumed to be filled with an elec-
tron population that follows a smooth broken power-law en-
ergy distribution of the following type
S(γ) = S0
(γb)
−p
(γ/γb)p + (γ/γb)q
. (1)
where S0 is the normalization constant, γb represents the
peak of the distribution, i.e., the break Lorentz factor, and
p and q are the power-law slopes before and after γb. The
relativistic electrons emit synchrotron and IC radiation in the
presence of a uniform but tangled magnetic field. We con-
sider various sources of low energy seed photons that origi-
nate both internally and externally to the jet. This includes
IC scattering off the synchrotron photons (SSC) and pho-
tons radiated from the accretion disk (EC-disk), the BLR
(EC-BLR), and the torus (EC-torus). The accretion disk
is assumed as a geometrically thin and optically thick disk
(Shakura & Sunyaev 1973). Its emission profile has a multi-
temperature blackbody shape of the following type (Frank
et al. 2002)
Fν = ν
3 4pih cos θv
c2Dl
2
∫ Rout
Rin
R dR
ehν/kT (R) − 1 (2)
where h is the Planck constant, θv is the angle between the
jet axis and the line of sight, Dl is the luminosity distance, k
is the Boltzmann constant, c is the speed of light, andRin and
Rout are the inner and outer disk radii, assumed as 3RSch and
500RSch, respectively. The radial dependence of the temper-
ature is given as follows
T (R) =
3RSchLdisk
16piηaccσSBR3
[
1−
(
3RSch
R
)1/2]1/4
, (3)
where σSB is the Stefan-Boltzmann constant and ηacc is the
accretion efficiency, adopted here as 10%.
We assume that certain fractions of the Ldisk are repro-
cessed by the BLR (fBLR = 0.1) and the torus (ftorus = 0.5,
Ghisellini & Tavecchio 2009). The radiation from the BLR
and the torus are adopted to follow a simple blackbody emis-
sion profile peaking at the Hydrogen Lyman-α line frequency
and at the characteristic temperature (Ttorus) of the torus, re-
spectively. Both the BLR and the torus are assumed as spher-
ical shells located at distances RBLR = 1017 L
1/2
d,45 cm and
Rtorus = 2.5× 1018 L1/2d,45 cm, respectively, from the central
black hole, where Ld,45 is the accretion disk luminosity in
units of 1045 erg s−1. We also consider the presence of the
X-ray corona lying close to the accretion disk. It reprocesses
30% of the disk radiation. Its spectral shape is considered as
Lcor(ν) ∝ ν−1 exp(−hν/150 keV). We calculate the radia-
tive energy densities of these components in the comoving
frame following the prescriptions of Ghisellini & Tavecchio
(2009) and use them to derive the EC fluxes.
Jet powers: We estimate the jet power carried by electrons
(Pele), Poynting flux (Pmag), radiation (Prad), and protons
(Pkin) as follows (Celotti & Ghisellini 2008)
Pk = 2piR
2
sizeΓ
2βcU
′
k, (4)
where the factor of 2 accounts for two-sided jets and Rsize is
the size of the emission region. U ′k are the comoving frame
energy density of the magnetic field (k = mag), relativistic
electrons (k = ele), and cold protons (k = kin) and can be
estimated using the following equations
U ′mag = B
2/8pi, (5)
U ′ele = mec
2
∫
S(γ)γdγ, (6)
U ′kin = mpc
2
∫
S(γ)dγ, (7)
where B is the magnetic field and me, mp are the elec-
tron and proton masses, respectively. The radiative power is
derived as follows (Ghisellini et al. 2014)
Prad, EC = 2
4Γ2
3δ4
Lbol (8)
Prad, syn/SSC = 2
16Γ4
5δ6
Lbol (9)
where Lbol is the bolometric jet luminosity in the observed
frame and the factor of 2 accounts for the two-sided jet. To
calculate the kinetic power of the jet, we assume an equal
number density of electrons and cold protons (e.g., Celotti &
Ghisellini 2008).
Black hole mass and the disk luminosity: Two crucial pa-
rameters in the blazar SED modeling, particularly in FSRQs,
are MBH and Ldisk. In general, these can be constrained ei-
ther from single-epoch optical spectroscopy (assuming a viri-
alized BLR, e.g., Shaw et al. 2012) or from fitting the big blue
bump at optical-UV energies by a standard Shakura & Sun-
yaev (1973) disk model (Calderone et al. 2013; Castignani
et al. 2013). There are uncertainties associated with both ap-
proaches, e.g., the typical errors in the virial spectroscopic
black hole mass calculation is ∼0.4 dex (Vestergaard & Pe-
terson 2006; Shen et al. 2011) and the disk fitting method
does not take into account the jet emission. However, when
there is a sufficient coverage at optical-UV energies and the
big blue bump is visible, the uncertainty in the disk fitting
method is quite small (a factor of∼2, Calderone et al. 2013).
Both approaches have been thoroughly discussed in Ghis-
ellini & Tavecchio (2015) and we refer an interested reader
to this article for details.
We adopt the following steps to determine MBH and Ldisk
for CGRaBS blazars.
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1. Whenever we find a big blue bump at IR-UV ener-
gies, we reproduce it with a standard accretion disk
model and derive both MBH and Ldisk. We are able
to apply this method to 178 γ-ray loud and 176 γ-ray
quiet blazars. They are flagged with the keyword ‘D’
in Table 5 and 6.
2. If the bump is not observed or if there are insufficient
data points at optical-UV energies, we search in the
literature for availability of the optical spectrum (Shen
et al. 2011; Shaw et al. 2012; Torrealba et al. 2012).
Using the broad emission line (Hβ , Mg II, and C IV)
information and the empirical relations of Shen et al.
(2011), we determine the mass of the black hole. From
the line luminosities, we compute the BLR luminosity
following the scaling relations of Francis et al. (1991)
and Celotti et al. (1997). Under the assumption that the
BLR reprocesses 10% of Ldisk, we derive the luminos-
ity of the accretion disk. When parameters for more
than one line are known, we take the geometric mean
of the derived quantities. For 50 γ-ray loud and 5 γ-ray
quiet sources, we determine their MBH and Ldisk via
optical spectroscopic measurements. In Table 5 and 6,
they are flagged with the keyword ‘O’.
3. When the bump is not visible at optical-UV wave-
lengths and the optical spectral information is also not
available, we adopt an empirical relation between the
γ-ray luminosity and the BLR luminosity, as suggested
by Sbarrato et al. (2012). It is found that the γ-ray lu-
minosity is a good tracer of the BLR luminosity and
the following empirical relation holds (albeit with a
large scatter, Sbarrato et al. 2012)
LBLR ∼ 4L0.93γ . (10)
where, LBLR is the BLR luminosity. We then de-
rive Ldisk from the knowledge of the BLR luminos-
ity. In such sources, we assume a typical MBH of 5 ×
108 M. We compute Ldisk in 83 γ-ray loud blazars
using the empirical method. These objects are flagged
with ‘E’ in Table 5.
4. For γ-ray quiet blazars, the previous method could not
be used due to lack of γ-ray information. In such
sources, we assume an appropriate value ofLdisk while
keeping in mind not to overproduce the observations
(i.e., about a factor ∼ 10 − 20 below the optical-UV
data points, e.g., Ghisellini et al. 2010) and also to
maintain sub-Eddington Ldisk and adopt MBH = 5 ×
108 M. In 10 γ-ray quiet blazars (i.e., < 2% of the
sample size), this approach is adopted to get an estima-
tion of Ldisk. These objects can be identified with the
flag ‘A’ in Table 6.
SED modeling guidelines: Our SED modeling code does
not perform a statistical fitting. We merely reproduce the ob-
servations following a ‘fit-by-eye’ approach. Once we have
information about the Ldisk and MBH, as described above,
there are eight free parameters in the modeling: p, q, B,
Rdiss, Γ, S0, γb, and γmax. The size of the emission re-
gion is constrained from Rdiss. Along with this, the fol-
lowing parameters are kept fixed: ψ, θv, γmin, Ttorus, and
fBLR/torus/cor (with rare exceptions). Though our model-
ing program does not compute uncertainties in the physical
parameters, depending on the quality of the MW data, the
SED parameters can be fairly well constrained from the ob-
servations (e.g., Tavecchio et al. 1998). Below, we briefly
elaborate our adopted choices to constrain the free parame-
ters from the observations.
The leptonic model used here fails to reproduce the low
frequency (sub-mm to radio) data due to self-absorption of
the synchrotron emission. In the low synchrotron peaked
objects, however, radio observations provide a clue about
the typical flux level of the synchrotron radiation. For
many sources, the synchrotron peak lies in the self-absorbed
regime. In these objects, the synchrotron peak is the self-
absorption frequency. Moreover, the measurement of Ldisk,
either from the disk modeling or from the spectroscopic line
measurements, regulates the size of the BLR and the torus,
and hence the corresponding radiative energy densities of
these components within RBLR and Rtorus, respectively.
In powerful γ-ray loud blazars, the shape of the γ-ray
spectrum directly constrains the high-energy slope of the un-
derlying broken power-law electron energy distribution (q).
This slope in turn controls the slope of the high-energy tail
of the synchrotron component. The lack of γ-ray informa-
tion for the γ-ray quiet blazars hampers the determination
of q. Since a majority of these sources have disk-dominated
optical-UV SEDs, it is also not possible to constrain q from
the synchrotron process. However, the Fermi-LAT sensitiv-
ity limits (shown with black stars in Figure 5) provide us a
hint that q has to be steep to avoid the Fermi-LAT detection
threshold. In FSRQs, the low-energy slope p can be con-
strained from the X-ray observations. In high synchrotron
peaked (HSP) blazars, though, the X-ray spectrum exhibits a
steep falling shape, originating from the high-energy tail of
the synchrotron component. In such objects, the γ-ray spec-
trum has a rising shape (Γγ < 2), and that slope can be used
to get an estimation of p.
A rising X-ray spectrum (photon index at 0.3−10 keV
. 1.5 − 1.6) in FSRQs hints at a prevailing EC mechanism
instead of the SSC process. This is because, in these two pro-
cesses, not only are the seed photons for IC scattering differ-
ent but also the participating electrons are of very different
energies. In the EC-dominated scenario, the X-ray spectrum
originates from the low-energy electron population, whereas
relatively high-energy electrons lying close to the peak of the
distribution contribute to the observed soft X-ray spectrum
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Figure 5. The modeled SED of a γ-ray quiet blazar. Red filled cir-
cles represent the data analyzed by us, while the lime-green filled
circles are archival observations. The black dotted line corresponds
to the thermal emission from the torus, the accretion disk, and the
X-ray corona. The pink thin solid line denotes the synchrotron emis-
sion. The green long-dashed and orange dash-dash-dot lines repre-
sent the SSC and EC processes, respectively. The blue thick solid
line is the sum of all of the radiative components. Black stars rep-
resent the 3σ Fermi-LAT sensitivity for the duration covered in this
work and toward the direction of the source. Red downward arrows
correspond to the 2σ upper limits. Both sets of information are ex-
tracted assuming a photon index of 2.4. The NuSTAR data in this
source are taken from Paliya et al. (2016). [The modeled SED plots
for all other γ-ray quiet blazars are shown in Figs. xxx−xxx in the
electronic version.]
via the SSC mechanism (see, a detailed discussion in Ajello
et al. 2016). In other words, a flat X-ray spectrum demands
the (softer) SSC component to lie below the observations.
This regulates the size of the emission region and the mag-
netic field. An increase in the magnetic field decreases both
the SSC and the EC fluxes for a given flux level of the syn-
chrotron emission. This is due to the fact that with increasing
magnetic field, fewer electrons are required to produce the
same synchrotron flux. Furthermore, we can also fine tune
the bulk Lorentz factor Γ from the X-ray and γ-ray SEDs.
For larger Γ, or the Doppler factor δ, fewer electrons are re-
quired to make the same flux level of the synchrotron radia-
tion, thus decreasing the synchrotron photon energy density
and therefore lowering the SSC flux. However, since the ex-
ternal photon energy densities becomes larger, an increase
in δ leads to the enhancement of the EC flux (Dermer et al.
2009; Ghisellini & Tavecchio 2009).
The Compton dominance (CD), which is the ratio of the
high-to-low energy SED peak luminosities, provides us in-
formation about the relative prevalence of the external radia-
tion energy densities compared to the magnetic energy den-
sity. Since in our model both energy densities are a func-
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Figure 6. The modeled SED of a γ-ray loud blazar. Other infor-
mation are same as in Figure 5. [The modeled SED plots for all
of the other γ-ray loud blazars are shown in Figs. xxx−xxx in the
electronic version.]
tion of Rdiss (see, Ghisellini & Tavecchio 2009; Sikora et al.
2009), we can derive the location of the emission region from
the observed CD. A large CD (> 1) indicates the dominance
of the external photon field, originating from the BLR/torus,
and thus suggests the emission region to lie inside the BLR or
outside it but still inside the torus. Another constraint comes
from the observation of the fast flux variability from many
blazars, indicating a compact emission region, which in turn
demands the emission region to lie closer to the central black
hole (see also, e.g., Narayan & Piran 2012; Marscher 2014,
for alternative arguments). On the other hand, comparatively,
the EC-torus-dominated SED has a lower CD than the EC-
BLR-dominant SED. The high-energy peak located at lower
frequencies (∼MeV energies) also indicates the emission re-
gion to be located outside the BLR but inside the torus since
a low IC peak probably hints at a smaller characteristic fre-
quency of the seed photons participating in the EC process. A
precise determination of CD in γ-ray quiet blazars is rather
difficult due to lack of a γ-ray spectrum. However, along
with the shape and the flux level of the soft X-ray spec-
trum, the Fermi-LAT sensitivity limit constrains it reasonably
well. Whenever the hard X-ray observations are available
(see, e.g., Figure 5), CD is even further constrained.
6. PHYSICAL CHARACTERISTICS
The broadband emissions of both γ-ray quiet and γ-ray
loud blazars are reproduced using the simple one-zone lep-
tonic emission model described in Section 5. In Figure 5
and 6, we show the modeled SEDs of these two popula-
tions, respectively. The parameters associated with the SED
modeling are given in Table 5 and 6. We provide the de-
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Figure 7. Top: Distributions of MBH and Ldisk (in Eddington units) for the γ-ray loud (red solid) and the γ-ray quiet (blue dashed) blazars.
For an equal comparison the distributions are normalized with the peak set equal to one and we have excluded those sources whose MBH is
assumed as 5×108 M. Bottom: Comparison of MBH and Ldisk (in Eddington units) distributions shown only for those sources that have
MBH and Ldisk computed from the optical spectroscopic (black solid) and disk fitting (red solid) methods. The distributions are fitted with
lognormal functions, whose dispersions are indicated.
rived jet powers in Table 7 and 8. The SEDs of 13 γ-ray
loud blazars (see Table 9) are well reproduced using syn-
chrotron and SSC emission mechanisms, i.e., without invok-
ing the EC process. All of them are HSP BL Lac objects with
synchrotron-dominated SEDs, and they are characterized by
featureless optical spectra (e.g., Falomo & Treves 1990; Mar-
cha et al. 1996). Since these objects are modeled without
needing the information about Ldisk and MBH, we do not
consider them when we discuss the physical properties of the
γ-ray loud blazars associated with Ldisk and MBH.
6.1. Black Hole Mass and the Accretion Disk Luminosity
In the top panel of Figure 7, we compare MBH and Ldisk
for the γ-ray loud (red) and the γ-ray quiet (blue) blazars.
For MBH distributions, we have considered only those ob-
jects whose black hole masses are measured either from
the optical spectrum or from the disk fitting method, as ex-
plained in the previous section. The fitted distribution peaks
at 〈MBH〉 ≈ 1 × 109 M and 8 × 108 M, for the γ-ray
quiet and the γ-ray loud objects, respectively. The fact that
the γ-ray quiet blazars host slightly more massive (∼ 2.5σ
significance) black holes compared to γ-ray loud sources
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Figure 8. The MBH computed from the optical spectroscopic line
information versus that estimated using the disk fitting method. The
black solid line is the equality line and the gray shaded region cor-
responds to a factor of 4 uncertainty in the MBH derived from the
optical spectroscopic method (e.g., Vestergaard & Peterson 2006).
can be explained by noting that they are located at larger
redshifts (Figure 1), possibly a selection effect of detecting
only the heaviest black holes at high redshifts. On the other
hand, the accretion disk luminosities in the γ-ray loud and
the γ-ray quiet blazars show a similar distribution and peak
around 10% of the Eddington luminosity (LEdd). This im-
plies that, in absolute units (i.e., in erg s−1), γ-ray quiet ob-
jects host more luminous accretion disks compared to γ-ray
loud blazars.
In our sample, there are a total of 138 blazars (86 γ-ray
loud and 52 γ-ray quiet) that have MBH and Ldisk mea-
surements from both the disk fitting and optical spectroscopy
methods. Therefore, it is interesting to check the consistency
of the results derived from these two different approaches. In
the bottom panel of Figure 7, we plot MBH and Ldisk/LEdd
distributions estimated from the optical spectroscopic (black)
and the disk modeling (red) techniques. The MBH computed
from the disk fitting matches well with the virial measure-
ments (〈MBH〉 = 1× 109M for both). Fitting the distribu-
tion with a log normal function returns a dispersion of 0.4 dex
for the disk fitting method and 0.6 dex for the virial masses.
Similarly, the distributions of the accretion disk luminosi-
ties derived from the disk modeling and the optical emission
line approaches show a good agreement. We also show the
MBH estimated from the disk fitting method as a function
of the MBH derived from the virial approach, for both γ-ray
loud and γ-ray quiet blazar populations, in Figure 8. Though
there is a large dispersion, overall both results match reason-
ably. These observations support the argument that the disk
modeling could be a robust tool to calculate MBH and Ldisk
in powerful FSRQs.
6.2. The Particle Distribution
The average properties of the electron energy distribution
(EED) can be seen in the top left and middle panels of Fig-
ure 9. For both γ-ray loud and γ-ray quiet blazars, the low-
and high-energy spectral indices of the EED (〈p〉 = 1.8, 1.7
and 〈q〉 = 3.8, 4.3, respectively) have a narrow distribution.
In powerful FSRQs, the synchrotron peak is typically lo-
cated at radio to sub-mm frequencies and due to synchrotron
self-absorption, it is impossible to characterize the spectral
shape of the underlying EED from the synchrotron emission
alone. In such blazars, the EED can be constrained using
X-ray and γ-ray data, which (in the EC scenario) constrain
the spectral shapes of the low-energy and high-energy elec-
tron population, respectively. The availability of the Swift-
BAT or the NuSTAR data for a few sources also helps in
putting further constraints on the low-energy index p. Note
that p regulates the total number of radiating electrons that
are present in the emission region, and therefore the total
number of protons, which controls the kinetic power of the
jet. On the other hand, the distribution of the high energy
index q shows a clear bimodality, with the high-energy elec-
tron population of the γ-ray loud blazars exhibiting a rel-
atively hard spectrum compared to the γ-ray quiet objects.
This can be understood in terms of the non-detection of the
γ-ray quiet sources in the γ-ray band. In such sources, a
steep falling EC spectrum is necessary to avoid the detection
limit of the Fermi-LAT (see, e.g., Figure 5). The shape of the
optical-UV spectrum can also provide a good constraint to q
if it is synchrotron-dominated. However, out of 191 γ-ray
quiet blazars we find an accretion-disk-dominated optical-
UV SED in 176 sources, implying q is rather unconstrained
from the synchrotron emission.
We show the distribution of the break Lorentz factor (γb)
and the maximum Lorentz factor (γmax) of the EED in the
top right and middle left panels of Figure 9. In both plots, the
distribution of the γ-ray quiet blazars is relatively low peaked
(〈γb〉 ∼ 56 and 〈γmax〉 ∼ 2000) and has narrower disper-
sion, when fitted with a log normal function. The wider dis-
tributions for the γ-ray loud blazars are probably due to the
presence of a few HSP BL Lac objects such as J1653+3945
(or Mrk 501). These sources have their synchrotron peak lo-
cated at very high frequencies (> 1016 Hz), thus implying the
peak of the underlying EED, i.e., γb, to have a large value.
Furthermore, γmax is rather insensitive to the modeling for
the steeply falling γ-ray spectrum FSRQs. However, a hard
rising γ-ray spectrum in HSP sources indicates a large γmax.
This is the reason that the distribution of γmax for the γ-ray
loud population extends to very large values and accordingly
is centered at a larger γmax of ∼ 4000 (Figure 9).
6.3. Magnetic Field and the Location of the Emission
Region
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Figure 9. Distributions of the particle spectral indices before (p, top left) and after (q, top middle) the break energy (γb, top right), the maximum
Lorentz factor (γmax, central left), the magnetic field (central middle), distance of the emission region from the central black hole in cm (central
right) and in RSch (bottom left), the Doppler factor (bottom middle) and the bulk Lorentz factor (bottom right).
The distribution of the magnetic field for the γ-ray
loud blazars peaks around 〈B〉 = 2.0 Gauss, whereas, for
γ-ray quiet sources it is centered at a low value of 1.5 Gauss
(see middle plot in the middle panel of Figure 9). Fitting
them with a log normal function returns a narrow width of
0.2 dex for both distributions.
The logarithmic distribution of the location of the emission
region in absolute units (cm) peaks at 〈Rdiss〉 = 2.5 × 1017
cm and 3.5 × 1017 cm for the γ-ray loud and the γ-ray
quiet blazars, respectively (middle right panel of Figure 9).
Fitting the distributions with a log normal function gives an
equal dispersion of 0.4 dex for both of them. On the other
hand, considering the dissipation distance in units of RSch,
we find no difference in the distributions of γ-ray loud and
γ-ray quiet sources. On average, the emission region is found
to be located inside the BLR for a majority of sources.
6.4. Doppler and the Bulk Lorentz Factors
The distributions of δ and Γ are shown in the bottom mid-
dle and right panels of Figure 9. On average, the γ-ray
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loud blazars exhibit a larger δ and Γ (〈δ〉 = 17.2, 〈Γ〉 = 12)
compared to the γ-ray quiet blazars (〈δ〉 = 15.7, 〈Γ〉 = 10).
Recently, based on the radio study of 1.5 Jy MOJAVE AGNs,
Lister et al. (2015) have reported that the γ-ray detected
blazars have significantly larger Doppler boosting factors
compared to sources not detected by Fermi-LAT (see also,
Savolainen et al. 2010, and references therein, for earlier re-
sults). The similarity of the results derived from two different
approaches, from the SED modeling and the 15 GHz radio
measurements, is rather striking. We emphasize here that the
lower δ of the γ-ray quiet blazars may not be due to a large
θv or misalignment of the jet (see also, Meyer et al. 2011).
It is primarily due to small Γ and can be explained as fol-
lows. In a majority of the FSRQs studied here, the X-ray to
γ-ray SEDs are explained by the EC process (e.g., Figure 5
and 6). The EC mechanism has a stronger dependence on
θv, and due to anisotropy of the external radiation field in the
comoving frame of the emission region, it has an additional
boosting (Dermer 1995). A hard-rising EC emission at X-
rays indicates a small θv and vice-versa. In other words, the
X-ray spectrum in EC-dominated blazars can be used as a
tool to determine θv (e.g., Sbarrato et al. 2013). We find the
X-ray spectral shapes of both the γ-ray loud and the γ-ray
quiet blazars to be similar (Figure 4), thus indicating a sim-
ilar θv, which is further confirmed from the SED modeling
(Table 5 and 6).
6.5. Jet powers
Figure 10 represents the distributions of various jet powers.
As can be seen, the γ-ray loud and the γ-ray quiet blazars
share a similar distribution of the power carried by relativis-
tic electrons, Poynting flux, and cold protons. However, the
γ-ray loud sources exhibit a larger Prad compared to the γ-
ray quiet objects. This is probably due to γ-ray emitting
jets being more radiatively efficient. Also, Pele is substan-
tially less than Prad. This is the direct consequence of the
rapid cooling of electrons in a time substantially smaller than
the light crossing time of the emission region, so that more
power is released in the form of radiation than remains in
electrons. The fact that Pmag is slightly lower than Prad in-
dicates that the magnetic field alone is not responsible for
the observed radiation. This leaves us to consider Pkin as a
plausible reservoir for Prad. In fact, most of the jet power
remains in the form of dynamically dominant protons which
produce the large scale radio structures. Only a small fraction
(∼ 1 − 10%, see also the top panel of Figure 11) of it gets
converted to radiation. We have assumed an equal number
density of electrons and cold protons. This assumption is cru-
cial and often leads to the total jet power in powerful FSRQs
to exceed LEdd (e.g., Ghisellini et al. 2014). Considering the
presence of the electron-positron pairs would reduce the bud-
get of the jet power (see, e.g., Madejski et al. 2016; Pjanka
et al. 2017); however, their number cannot be large (.10-
15 pairs per proton, e.g., Sikora & Madejski 2000; Celotti &
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Figure 10. Distributions of various jet powers considering two-
sided jets. In the bottom panel, we also show the distribution of
Ldisk for a comparison with the jet power. The histograms are
fitted with a log normal function and the corresponding widths
are quoted. The average values of the distributions, for the γ-
ray loud and the γ-ray quiet blazars, respectively, are as fol-
lows: 〈log Pele〉 = 44.76, 44.65, 〈log Pmag〉 = 45.48, 45.38,
〈log Prad〉 = 45.99, 45.33, 〈log Pkin〉 = 47.15, 47.10, and
〈log Ldisk〉 = 45.85, 46.23. All units are in erg s−1.
Ghisellini 2008) to avoid the Compton rocket effect (Odell
1981). If present in a substantial fraction, these pairs would
produce a large amount of soft X-radiation (so-called the
“Sikora bump”), which is yet to be observed. Alternatively,
instead of a uniform one-zone emission, if one considers the
broadband emission to originate from a spine-sheath struc-
tured jet, the total power of the jet will come down (Sikora
et al. 2016). Moreover, as can be seen in Figure 10, Pmag
is tiny compared to Pkin and hints at a weak magnetization
14 PALIYA ET AL.
-3
-2
-1
0
1
lo
g
ǫ r
a
d
γ-ray loud
γ-ray quiet
-3
-2
-1
0
lo
g
ǫ e
le
γ-ray loud
γ-ray quiet
1042 1043 1044 1045 1046 1047 1048 1049
Total Jet Power (erg s−1)
-4
-3
-2
-1
0
lo
g
ǫ m
a
g
γ-ray loud
γ-ray quiet
Figure 11. The fraction of the total jet power transformed into radi-
ation (rad, top), relativistic electrons (ele, middle), and Poynting
flux (mag, bottom).
of the emission region. These observations, therefore, argue
against the Poynting-flux-dominated scenario (e.g., McKin-
ney et al. 2012, but see, Nalewajko et al. 2014; Janiak et al.
2015; Zdziarski et al. 2015).
In Figure 11, we show the fraction of the total jet power
(Pjet = Pele+Pmag+Pkin) converted to radiation (rad), car-
ried by relativistic electrons (ele), and magnetic field (mag).
It can be seen in the top panel of this plot that there are a few
low-power blazars that have rad & 1. These are primarily
BL Lac objects that are known to exhibit Prad ∼ Pkin. In
these sources, almost all of the available jet power is used to
produce the radiation (see, Ghisellini et al. 2010, for a rele-
vant discussion).
7. DISCUSSION
By applying a simple leptonic emission model, we are able
to study a few fundamental physical properties of blazars,
which are briefly discussed in the following sub-sections. In
order to determine the strength of the correlations, we com-
pute the Spearman’s rank-correlation coefficient (ρs) and the
probability of no correlation, PNC. Since we do not have er-
ror estimation for the derived SED parameters, we quantify
the strength of the correlation by performing a Monte Carlo
simulation following a bootstrapping approach that takes into
account the dispersion of the plotted quantities. We create
104 data sets, each consisting of N data pairs xi and yi (N is
the sample size) and compute ρs and PNC for each data set.
A pair (xi, yi) is randomly chosen from the original data set
such that some of the original pairs may appear more than
once in a given data set or not at all. Assuming that the re-
turned values follow a Gaussian distribution, we estimate the
correlation coefficient and the 1σ uncertainty by deriving the
average and the standard deviation of the calculated values.
Quoted PNC values are the average of the calculated PNC in
each simulation. Note that it can be argued that the observed
correlations could be due to intrinsic correlations of the input
SED parameters. However, in our work, the chosen mod-
eling parameters are independent and they are constrained
only by the observations, thus supporting the connection of
the observed correlations with the physical behavior of the
sources. In various correlation plots, the reported average er-
rors are 1σ standard deviation of the plotted parameters for
the whole population, i.e., including both γ-ray loud and γ-
ray quiet blazars, unless specified.
7.1. Accretion-Jet Connection in Blazars
There are evidences for a positive correlation between the
jet power and the accretion luminosity in jetted AGNs (e.g.,
Rawlings & Saunders 1991). More importantly, it has been
claimed, both from theoretical and observational arguments,
that the former exceeds the latter (Celotti & Ghisellini 2008;
Tchekhovskoy et al. 2011; Ghisellini et al. 2014). We test
these hypotheses on CGRaBS quasars.
In the top panel of Figure 12, we show the variation of
Prad as a function of Ldisk. The results of the correlation
analysis are provided in Table 10. Overall, we find a strong
positive correlation (ρs = 0.63 ± 0.03, PNC< 1 × 10−5),
which remains valid if we consider the γ-ray loud and the
γ-ray quiet blazar populations separately (Table 10). How-
ever, since both Ldisk and Prad depend on redshift, we also
perform a partial correlation test by following the prescrip-
tions of Padovani (1992). Even after excluding the com-
mon redshift dependence, both Ldisk and Prad still corre-
late, although the significance becomes a bit weaker (ρpar =
0.19±0.08, PNC< 1×10−5). Interestingly, a major fraction
of the γ-ray loud blazars lie above the best fit (black dashed
line) and except for a few sources, almost all of the γ-ray
quiet objects occupy the low Prad regime. This is probably
due to the fact that the γ-ray loud blazars are more radiatively
efficient than the γ-ray quiet blazars, although they share a
similar range of Ldisk.
We show the variation of the total jet power, Pjet, as a
function of the total available accretion power (M˙c2) in the
bottom panel of Figure 12. Note that for a maximally ro-
tating black hole, the efficiency of accretion is ηacc = 0.3
(Thorne 1974), and we have M˙c2 = Ldisk/ηacc. The re-
sults of the correlation analysis suggest a strong positive cor-
relation, which remains valid even after removing the com-
mon redshift dependence (Table 10). Therefore, we con-
firm the earlier findings about the accretion-jet connection,
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Figure 12. The disk-jet connection in blazars. Top: The plot of Prad
versus the Ldisk for the γ-ray loud (red) and the γ-ray quiet (blue)
blazars. Bottom: The jet power versus the total accretion power,
assuming an accretion efficiency ηacc = 0.3. In both plots, the
pink solid line represents the one-to-one correlation and the black
dashed line denotes the best fit. In the bottom panel, the cyan solid
line shows the correlation reported by Ghisellini et al. (2014). The
uncertainties in both Prad (corresponding to the uncertainty in Γ2)
and Ldisk are a factor of 2, the same as that in M˙c2. On the other
hand, the average uncertainty in Pjet is a factor of 3 (e.g., Ghisellini
et al. 2014).
considering both γ-ray loud and γ-ray quiet blazar popula-
tions. However, comparing our results with the ones derived
by Ghisellini et al. (2014), we notice an interesting observa-
tion. In our sample, there are many γ-ray quiet blazars that
have larger Ldisk but host a relatively moderate power jet.
As can be seen in Figure 12, almost all γ-ray loud blazars lie
above the one-to-one correlation (pink solid line) but there
are many γ-ray quiet blazars that are located below. Accord-
ingly, the slope of the best fitted line in our case is softer. In
other words, the fact that the jet power exceeds the accretion
power is probably true for the γ-ray loud sources; however,
we may see a deviation from this trend when considering a
larger γ-ray quiet blazar population.
7.2. Black Hole Mass Dependence
In Figure 13, we show the redshift dependence of MBH
derived in this work. Note that we consider only those ob-
jects whose MBH are computed either from the disk fitting
or the optical spectroscopic methods. For a comparison,
we also show MBH values for SDSS quasars as reported
in Kozłowski (2017). The results of the correlation analy-
sis suggest a positive correlation between MBH and redshift
(Table 10), which is probably a selection effect. Further-
more, we plot Ldisk, Pjet, and CD as a function of the de-
rived masses in Figure 13. All three correlate positively with
MBH. However, since Ldisk, Pjet and MBH are a function
of the redshift, we also perform partial correlation tests to
exclude the common redshift dependence. As can be seen
in Table 10, even after subtracting the redshift effect, Ldisk
shows a positive correlation with MBH (ρs = 0.39 ± 0.06,
PNC< 1 × 10−5), whereas Pjet is very weakly correlated
(ρs = 0.17± 0.09, PNC< 1× 10−5), considering the entire
sample. We also find a positive correlation between CD and
MBH. However, since CD, being the ratio of two luminosi-
ties, is a redshift-independent quantity whereas MBH is not,
we adopt a semi-partial correlation analysis to exclude the
redshift dependence ofMBH. The results of this exercise lead
to the conclusion that CD does not correlate with MBH (see
Table 10). Although massive black-hole-hosted blazars are
known to be Compton dominated (e.g., Paliya et al. 2016),
our correlation analysis indicates that even blazars with low
mass black holes can also have a large CD (> 1). The Fermi-
LAT detected narrow line Seyfert 1 galaxies11 are probably a
good example of this (e.g., Paliya et al. 2013).
7.3. Blazar Sequence
There has been a long debate about the validity of the
blazar sequence (Fossati et al. 1998), i.e., whether such a se-
quence has a physical origin (Ghisellini et al. 1998) or is just
a selection bias (e.g., Giommi et al. 2012a). In the physical
scheme, the rate of accretion onto the central compact object
can explain the observed phenomena. A luminous disk im-
plies an efficient accretion process (Ldisk/LEdd & 1×10−2),
which ionizes the BLR clouds resulting in the detection of
the broad optical emission lines. Accordingly, the jet elec-
trons interact with the dense photon field of the BLR via EC
11 Narrow line Seyfert 1 galaxies are known to host low-mass black holes
(e.g., Yuan et al. 2008).
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Figure 13. Top left: The redshift dependence of MBH for the γ-ray loud (red) and the γ-ray quiet blazars (blue). The gray dots correspond to
SDSS quasars (Kozłowski 2017). The accretion luminosity Ldisk (top right), the total jet power Pjet (bottom left), and the Compton dominance
(bottom right) are shown as a function of the derived black hole masses. In all of the plots, the black dashed line is the best fit. The quoted
uncertainty in the black hole mass is a factor of 3, which is the average of that typically reported for the disk fitting and virial estimation methods
(e.g., Vestergaard & Peterson 2006; Castignani et al. 2013).
mechanism before reaching high energies and produce lumi-
nous γ-ray emission, which makes the SEDs more Compton
dominated and low-frequency peaked. On the other hand,
in the low-accretion regime (Ldisk/LEdd < 1 × 10−2), the
external radiation field becomes weaker and the SED is less
Compton dominated. We test these hypotheses on our sample
of CGRaBS quasars and show the results in Figure 14.
We find a significant anti-correlation between Ldisk (in Ed-
dington units) and γb (ρs = −0.30±0.05, PNC< 1×10−5).
This suggests that an increase in Ldisk corresponds to a de-
crease in γb, i.e., the shift of the SED peaks to lower frequen-
cies. Moreover, we also find that Ldisk andRdiss are strongly
anti-correlated (ρs = −0.64 ± 0.03, PNC< 1 × 10−5).
Both anti-correlations indicate a physical connection be-
tween Ldisk and the behavior of the SED in blazars. As dis-
cussed above, a stronger accretion disk emission implies a
luminous BLR whose intense radiation field interacts with
jet electrons making them lose energy primarily via EC-BLR
process. This also hints that the stronger the disk emission,
the closer the location of the dissipation region to the central
black hole (with respect to the outside BLR scenario), which
is observed.
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Figure 14. Top: The variations of γb (left) and the dissipation distance (right, in units of the BLR radius) as a function of the accretion luminosity
(in Eddington units). The pink solid lines represent the inner and outer boundaries of the BLR. The emission region is located inside or close
to the outside of the inner boundary of the BLR for objects with a large Ldisk. Bottom: The Compton dominance as a function of Ldisk (left)
and Pjet (right). A significant positive correlation is found. In all plots, the black dashed line represents the best fit.
In the bottom panels of Figure 14, we show the varia-
tion of CD with respect to Ldisk and Pjet. In both cases,
strong positive correlations are found that remain significant
for CD versus Ldisk and become weaker for CD versus Pjet,
after excluding the redshift dependence by means of a semi-
partial correlation analysis (Table 10). This implies that more
Compton-dominated blazars host more powerful disks. Con-
necting these findings with those discussed above, we can
conclude that the accretion disk plays a major role in con-
trolling the observed properties of powerful blazars, and this
supports the claim that the blazar sequence has a physical
origin (see also, Ghisellini et al. 2017). However, it may be
worth revisiting this hypothesis by including a large sample
of BL Lac objects, especially high-redshift ones (see, e.g.,
Kaur et al. 2017).
7.4. Blazar Evolution Scenario
We show the redshift dependence of Ldisk, Pjet and CD
in Figure 15, and the associated correlation parameters are
reported in Table 10. The positive correlations observed in
Ldisk and Pjet are most likely the Malmquist bias. However,
a positive correlation of CD with redshift appears more like
an evolutionary effect naturally related to redshift since CD
is a redshift-independent quantity. One can argue that such
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Figure 15. Cosmic evolution of Ldisk, Pjet and CD as observed in γ-ray loud and γ-ray quiet blazars.
a correlation could be spurious since CD exhibits a positive
correlation with Ldisk, which itself strongly depends on red-
shift. However, as we have shown earlier (see Table 10 and
Figure 14), CD and Ldisk are intrinsically correlated. Our
results are in line with the findings of Bo¨ttcher & Dermer
(2002) and Cavaliere & D’Elia (2002), indicating the evolu-
tion of the high power, Compton-dominated sources to the
less-luminous, low Compton-dominated ones. We caution,
however, that a strong claim cannot be made for the follow-
ing two reasons. First, there are very few objects in our sam-
ple beyond redshift 3, and without γ-ray detection that poses
difficulty in accurately measuring their IC peak luminosity
and hence CD. Second, only a minor fraction of our sam-
ple are BL Lac objects, which are typically low-CD sources
(e.g., Tavecchio et al. 2010), and it is possible that such ob-
jects could be located at high redshifts (see, e.g., Kaur et al.
2017). In our future work, we will try to address these short-
comings by considering more BL Lac sources and γ-ray de-
tected high-redshift blazars (Ackermann et al. 2017).
7.5. Gamma-ray Loud versus Gamma-ray Quiet Blazars
Fermi-LAT has detected hundreds of blazars in its first four
years of observation (Ackermann et al. 2015), but an even
larger number are yet to be detected in γ-rays (Massaro et al.
2015). It was found in several radio studies that the γ-ray
quiet blazars have lower Doppler boosting factors. Lister
et al. (2015) have reported the synchrotron peaks of the γ-
ray quiet sources to be located at relatively lower frequencies
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Figure 16. The broadband SEDs of all of the γ-ray quiet blazars
studied in this work (lime green). Overplotted are the Fermi-LAT
sensitivity in 10 years of observation (red) and the 3σ sensitivity
plot for 1 year of exposure of the proposed all-sky MeV mission
e-ASTROGAM (black).
(< 1013.4 Hz), implying their high-energy IC peak to lie be-
low the energy range covered by the Fermi-LAT. These ob-
jects are therefore less likely to be γ-ray detected. According
to our analysis, the γ-ray loud and γ-ray quiet blazars share
several similar observational features such as occupying the
same region in the WISE color-color diagram (albeit with a
large scatter in the γ-ray quiet objects). The MBH and Ldisk
distributions of the γ-ray loud sources are also similar with
those derived from the γ-ray quiet blazars. However, the γ-
ray loud blazars are relatively brighter in the radio and X-ray
bands, and they exhibit larger Doppler factors compared to
their γ-ray quiet counterparts. The γ-ray emission in pow-
erful blazars is produced via the EC process (in the leptonic
emission scenario), which is very sensitive to the Doppler
boosting because of the anisotropic nature of the external
radiation field in the emission region frame (Dermer 1995).
Therefore, the difference in the Doppler boosting could ac-
count for the γ-ray non-detection. Another crucial parameter
that we find significantly different in the γ-ray loud and the
γ-ray quiet blazars is the break Lorentz factor, γb. In our
SED modeling, we have constrained γb from the location of
the synchrotron peak. Since in one-zone leptonic modeling
the same electron population radiates the high energy X-ray
to γ-ray emission, γb also controls the location of the IC
peak according to the following relation (e.g., Sahayanathan
& Godambe 2012)
νSyn ≈ δ
1 + z
γ2b νL (11)
νSSC ≈ δ
1 + z
γ4b νL (12)
νEC ≈ Γδ
1 + z
γ2b νseed (13)
where νL is the Larmor frequency and νseed is the char-
acteristic frequency of the BLR/torus photon field. As can
be seen in the top right panel of Figure 9, γ-ray quiet blazars
have smaller γb compared to γ-ray loud sources, thus indicat-
ing their IC peak to be located at lower frequencies. In other
words, they are more MeV-peaked. A shift of the IC peak
to low frequencies makes their falling part of the EC spec-
trum steeper and thus avoids detection by the Fermi-LAT.
The fact that the γ-ray quiet blazars are bright in the MeV
band makes them suitable targets for observations from the
facilities like NuSTAR (Harrison et al. 2013). The ideal in-
strument, however, would be an all-sky survey MeV mission,
e.g., e-ASTROGAM (De Angelis et al. 2016) or AMEGO12.
In Figure 16, we plot the modeled SEDs of all of the γ-ray
quiet blazars (lime green) and overplot the 3σ flux sensitivity
of e-ASTROGAM (black line) for 1 year of observation. For
comparison, we also show the flux sensitivity of the Fermi-
LAT (red line) for its 10 years of operation for high Galactic
latitude sources. As can be seen, the chances of Fermi-LAT
detection for these sources are remote unless they exhibit
high-amplitude flaring activity with a shift of the IC peak
to higher frequencies (see, e.g., Abeysekara et al. 2015, for
the detection of such an event that led to the detection of the
FSRQ PKS 1441+25, z = 0.94, at TeV energies). On the
other hand, according to Figure 16, 121 γ-ray quiet blazars
would be detected by e-ASTROGAM (at 500 keV) in one
year of observations. Our study of γ-ray quiet blazars, there-
fore, presents a potential list of blazars to be detected by fu-
ture MeV missions.
8. SUMMARY
In this work, we have performed a broadband study of
a large sample of blazars included in the CGRaBS catalog
(Healey et al. 2008). Our main findings are as follows
1. The γ-ray loud and the γ-ray quiet objects do not show
a major difference in the WISE color-color diagram,
and their X-ray spectral shapes are also similar. How-
ever, γ-ray loud blazars are brighter in the radio and
X-ray bands.
2. A comparison of MBH and Ldisk derived from the
disk fitting and optical spectroscopic approaches leads
to similar results, thus suggesting that disk modeling
could be used as a robust diagnostic to derive MBH
and Ldisk in powerful blazars.
3. Both γ-ray loud and γ-ray quiet blazars exhibit
similar distributions of MBH and Ldisk with γ-ray
quiet sources hosting slightly more massive (∼ 2.5σ
significance) black holes.
12 https://pcos.gsfc.nasa.gov/physpag/probe/AMEGO probe.pdf
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4. We find a considerable difference in the Doppler fac-
tors of the γ-ray loud and the γ-ray quiet blazars, with
γ-ray loud sources more boosted. These results con-
firm the earlier findings derived from radio observa-
tions.
5. The γ-ray loud blazars have a larger jet power in radia-
tion compared to the γ-ray quiet objects. This implies
that the jets in the γ-ray loud blazars are more radia-
tively efficient.
6. We confirm that the accretion process and the jet are
positively correlated, an effect that remains signifi-
cant even after excluding the common redshift depen-
dence. For a majority of the sources the jet power ex-
ceeds the accretion luminosity; however, many γ-ray
quiet blazars have more powerful disks than their jets.
Therefore, it is possible that we may see a deviation
from the observed trend (Pjet > Ldisk) when one con-
siders a larger sample of the γ-ray quiet blazars.
7. Both Ldisk and Pjet show a positive correlation with
MBH, which remains strong for Ldisk and becomes
weaker for Pjet after excluding the common redshift
dependence. On the other hand, the results of the
semi-partial correlation analysis has led to the conclu-
sion that CD does not correlate with MBH, implying
that even blazars hosting low-mass black holes can be
Compton dominated. The γ-ray emitting narrow line
Seyfert 1 galaxies are a good example of such objects.
8. According to our analysis, there is a physical con-
nection between Ldisk and the behavior of the blazar
SEDs. In other words, we find that the blazar sequence
has a physical origin, at least for the sources studied in
this work.
9. We notice that the high-redshift blazars are more
Compton dominated compared to their low-redshift
counterparts. However, the sample size of z > 3
blazars needs to be enlarged, and one should consider
more BL Lac objects to make a strong claim about the
evolution of blazars.
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Table 2. The results of the spectral analysis of the Swift-XRT data for the γ-ray loud blazars.
Name NH Exp. FX FX, low FX, high ΓX ΓX, low ΓX, high
[1] [2] [3] [4] [5] [6] [7] [8] [9]
J0004−4736 1.34 5.62 0.43 0.31 0.57 1.88 1.54 2.23
J0005+3820 6.57 20.31 1.91 1.30 2.10 0.03 0.00 0.36
J0011+0057 2.67 10.53 0.16 0.10 0.26 1.43 0.86 2.00
J0016−0015 2.72 3.95 0.59 0.41 1.03 1.29 0.85 1.72
J0017−0512 2.81 11.24 2.04 1.88 2.27 1.84 1.73 1.96
βX βX, low βX, high χ
2/C-stat. dof Pf−test Model fit
[10] [11] [12] [13] [14] [15] [16] [17]
— — — 26.26 48 — PL c-stat
1.57 1.12 1.77 25.33 30 −6.90 LP chi
— — — 21.12 25 — PL c-stat
— — — 28.15 32 — PL c-stat
— — — 31.38 26 −0.22 PL chi
NOTE—The column contents are as follows. Col.[1]: name of the CGRaBS object; Col.[2]: the Galactic neutral Hydrogen column density, in
1020 cm−2 (Kalberla et al. 2005); Col.[3]: net exposure, in ksec; Col.[4], [5], and [6]: observed 0.3−10 keV flux and its lower and upper
limits, respectively, in units of 10−12 erg cm−2 s−1; Col.[7], [8], and [9]: power-law photon index (or spectral slope of the log parabola
model at the pivot energy) and its lower and upper limits, respectively; Col.[10], [11], and [12]: the curvature parameter of the log parabola
model and its lower and upper limits, respectively; Col.[13]: the statistics of the model fitting; Col.[14]: degrees of freedom; Col.[15]: log of
the probability of null hypothesis derived from the f-test; Col.[16]: the best fitted model, PL: power law, LP: log parabola; and Col.[17]:
adopted statistics, c-stat: C-statistics (Cash 1979), and chi: χ2 fitting.
(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its
form and content.)
Table 3. The results of the the Swift-XRT data analysis for γ-ray quiet blazars.
Name NH Exp. FX FX, low FX, high ΓX ΓX, low ΓX, high
[1] [2] [3] [4] [5] [6] [7] [8] [9]
J0001+1914 3.19 5.47 0.09 0.00 0.18 1.37 0.23 2.74
J0004+2019 3.78 1.92 0.49 0.29 0.91 1.54 0.85 2.23
J0004+4615 8.41 3.74 0.27 0.12 0.57 1.12 0.18 2.04
J0006−0623 3.22 16.38 1.80 1.67 2.00 1.67 1.56 1.77
J0008−2339 2.31 4.96 0.37 0.28 0.52 1.73 1.31 2.16
βX βX, low βX, high χ
2/C-stat. dof Pf−test Model fit
[10] [11] [12] [13] [14] [15] [16] [17]
— — — 7.53 6 — PL c-stat
— — — 15.66 15 — PL c-stat
— — — 15.50 11 — PL c-stat
— — — 22.27 28 −0.06 PL chi
— — — 37.00 33 — PL c-stat
NOTE—The column contents are same as in Table 2.
(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its
form and content.)
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Table 4. Chandra and/or XMM-Newton data analysis.
Name NH Exp. FX FX, low FX, high ΓX ΓX, low ΓX, high χ2/C-stat. dof Pf−test fit telescope
γ-ray loud
J0941−1335 4.08 19.82 0.42 0.38 0.45 1.76 1.61 1.92 16.80 19 -0.13 chi Chandra
J1311+5513 1.68 3.86 0.32 0.27 0.36 1.79 1.65 1.93 21.83 20 -0.12 chi XMM
γ-ray quiet
J0148+3854 4.79 63.40 0.31 0.28 0.33 1.33 1.25 1.42 65.33 53 −0.33 chi Chandra
J0254+3931 7.58 8.79 1.63 1.56 1.74 1.70 1.63 1.78 51.35 61 −0.25 chi Chandra
J0256−3315 2.43 2.44 0.21 0.14 0.32 1.38 1.01 1.75 39.71 45 — c-stat Chandra
J0324−2918 1.38 3.81 0.16 0.12 0.23 1.60 1.28 1.93 50.64 51 — c-stat Chandra
J0439+0520 8.92 19.87 0.76 0.72 0.79 2.20 2.11 2.29 77.67 52 −0.85 chi Chandra
J0730+4049 6.21 19.81 0.18 0.15 0.20 1.36 1.18 1.55 109.72 150 — c-stat Chandra
J0825+6157 3.82 18.95 1.50 1.43 1.58 1.50 1.44 1.56 88.78 80 −0.41 chi Chandra
J0939+4141 1.16 7.09 0.30 0.26 0.35 1.70 1.52 1.90 5.55 10 −0.36 chi Chandra
J1058+1951 1.69 149.90 2.29 2.27 2.33 1.65 1.63 1.66 478.85 346 −2.13 chi Chandra
J1110+4403 1.30 8.45 0.21 0.18 0.25 1.35 1.19 1.51 22.30 26 −0.97 chi XMM
J1146−2447 4.61 4.96 0.41 0.35 0.48 1.58 1.41 1.75 129.61 128 — c-stat Chandra
J1430+3649 1.04 3.93 0.32 0.27 0.38 1.70 1.49 1.91 79.56 95 — c-stat Chandra
J1431+3952 1.09 2.86 1.79 1.64 1.99 1.57 1.46 1.69 209.18 207 — c-stat Chandra
J1727+5510 2.72 34.61 0.60 0.57 0.65 1.58 1.48 1.67 46.50 49 −0.15 chi Chandra
J2003−3251 7.13 13.21 0.78 0.75 0.82 1.67 1.62 1.72 121.93 141 −0.17 chi XMM
J2354−1513 2.53 16.13 1.12 1.08 1.16 1.54 1.50 1.57 207.26 211 −0.16 chi XMM
NOTE—The symbols have their usual meanings as given in Table 2. The last column refers to the name of the telescope from which the X-ray
measurement has been taken. It should be noted that an absorbed power-law model is preferable for all sources.
Table 5. The SED parameters associated with the modeling of the broadband emission in the γ-ray loud blazars.
Name z θv MBH Type Ldisk Rdiss RBLR δ Γ B p q γmin γb γmax Ue CD
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18]
J0004−4736 0.88 3.0 8.00 O 45.11 0.027 0.037 15.7 10 6.4 1.6 3.9 3 115 3000 −1.02 1.6
J0005+3820 0.23 3.0 8.70 E 43.76 0.033 0.008 18.6 15 0.4 2.2 3.8 9 543 5000 −1.19 7.2
J0011+0057 1.49 3.0 8.78 D 45.48 0.037 0.056 16.5 11 1.6 1.8 3.8 1 100 3000 −1.10 30.9
J0016−0015 1.58 3.0 8.87 O 45.93 0.064 0.094 17.2 12 2.2 1.8 4.4 1 120 3000 −1.29 20.3
J0017−0512 0.23 3.0 7.90 D 44.79 0.004 0.025 15.7 10 4.0 1.6 4.2 10 83 2000 0.51 4.8
NOTE—The column contents are as follows: Col.[1] and [2]: name and redshift of the source; Col.[3]: viewing angle, in degrees; Col.[4]: log
scale black hole mass, in solar mass units; Col.[5]: adopted method to deriveMBH and Ldisk, A: assumed; D: disk fitting, E: empirical relation,
O: optical spectroscopy, and N: not used (see Table 9); Col.[6]: log scale accretion disk luminosity, in erg s−1; Col.[7]: dissipation distance, in
parsec; Col.[8]: size of the BLR, in parsec; Col.[9] and [10]: the Doppler factor and the bulk Lorentz factor, respectively; Col.[11]: magnetic
field strength, in Gauss; Col.[12] and [13]: spectral slopes of the broken power-law electron distribution before and after the break energy (γb),
respectively; Col.[14], [15], and [16]: the minimum, break, and the maximum Lorentz factors of the emitting electron distribution; Col.[17]:
the log scale particle energy density, in erg cm−3; and Col.[18]: Compton dominance.
(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form
and content.)
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Table 6. The SED parameters associated with the modeling of the broadband emission in the γ-ray quiet blazars.
Name z θv MBH Type Ldisk Rdiss RBLR δ Γ B p q γmin γb γmax Ue CD
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18]
J0001+1914 3.10 3.0 8.70 A 45.00 0.038 0.032 17.2 12 2.7 2.0 3.6 2 177 4000 −0.83 2.5
J0004+2019 0.68 3.0 8.70 A 44.00 0.012 0.010 14.8 9 2.5 2.1 3.6 1 38 4000 0.51 2.4
J0004+4615 1.81 3.0 8.70 A 45.00 0.041 0.032 16.5 11 2.1 1.9 3.6 2 53 4000 −0.56 2.2
J0006−0623 0.35 3.0 8.70 A 44.00 0.029 0.010 14.7 9 1.5 1.7 3.8 20 467 3000 −1.00 0.2
J0008−2339 1.41 3.0 9.30 D 47.00 0.880 0.323 15.7 10 0.2 1.6 3.8 1 234 3000 −3.00 13.0
NOTE—The column contents are same as in Table 5.
(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form
and content.)
Table 7. The jet powers derived from the modeling of the broadband emission in the γ-ray loud blazars.
Name Pele Pmag Prad Pkin Pjet
[1] [2] [3] [4] [5] [6]
J0004−4736 44.09 45.32 45.65 46.09 46.17
J0005+3820 44.45 43.45 44.39 46.24 46.25
J0011+0057 44.38 44.49 45.45 46.84 46.84
J0016−0015 44.73 45.31 46.12 47.16 47.17
J0017−0512 44.01 43.31 44.39 45.78 45.79
NOTE—The column contents are as follows: Col.[1] name the source; Col.[2], [3], [4], [5], and [6]: the electron, magnetic, radiative, kinetic,
and total jet power, respectively. Note that Pjet = Pele + Pmag + Pkin. All jet powers are evaluated for a two-sided jet.
(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form
and content.)
Table 8. The jet powers derived from the modeling of the broadband emission in γ-ray quiet blazars.
Name Pele Pmag Prad Pkin Pjet
[1] [2] [3] [4] [5] [6]
J0001+1914 44.75 45.04 45.80 47.05 47.05
J0004+2019 44.84 43.72 44.48 47.57 47.57
J0004+4615 45.00 44.80 45.39 47.37 47.37
J0006−0623 44.07 44.03 45.02 45.39 45.42
J0008−2339 44.47 45.34 45.20 46.67 46.70
NOTE—The column contents are same as in Table 7.
(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form
and content.)
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Table 9. The list of 13 γ-ray loud blazars which are modeled with synchrotron and SSC processes, i.e., without invoking EC mechanism.
Name z
J1015+4926 0.21
J1104+3812 0.03
J1136+7009 0.04
J1217+3007 0.13
J1230+2518 0.14
J1555+1111 0.36
J1653+3945 0.03
J1725+1152 0.02
J1728+5013 0.06
J1917−1921 0.14
J1959+6508 0.05
J2009−4849 0.07
J2158−3013 0.12
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Table 10. Results of the correlation analysis, by means of a Monte Carlo simulation,
performed on the sample of the γ-ray loud and the γ-ray quiet blazars.
N ρs PNC ρpar PNC
Prad vs. Ldisk
γ-ray loud 311 0.66± 0.04 < 1× 10−5 0.22± 0.10 < 1× 10−5
γ-ray quiet 191 0.67± 0.05 < 1× 10−5 0.29± 0.20 < 1× 10−5
All sources 502 0.63± 0.03 < 1× 10−5 0.19± 0.08 < 1× 10−5
Pjet vs. M˙c2
γ-ray loud 311 0.67± 0.04 < 1× 10−5 0.53± 0.08 < 1× 10−5
γ-ray quiet 191 0.21± 0.08 5.0× 10−2 0.02± 0.13 6.5× 10−1
All sources 502 0.67± 0.03 < 1× 10−5 0.56± 0.06 < 1× 10−5
MBH vs. z
γ-ray loud 228 0.47± 0.06 < 1× 10−5 — —
γ-ray quiet 181 0.46± 0.06 < 1× 10−5 — —
All sources 409 0.50± 0.04 < 1× 10−5 — —
Ldisk vs. MBH
γ-ray loud 228 0.51± 0.07 < 1× 10−5 0.45± 0.08 < 1× 10−5
γ-ray quiet 181 0.43± 0.08 1.8× 10−4 0.59± 0.11 < 1× 10−5
All sources 409 0.42± 0.05 < 1× 10−5 0.39± 0.06 < 1× 10−5
Pjet vs. MBH
γ-ray loud 228 0.29± 0.07 3.2× 10−3 0.22± 0.11 1× 10−4
γ-ray quiet 181 −0.02± 0.08 4.7× 10−1 −0.23± 0.11 3× 10−1
All sources 409 0.26± 0.05 4.9× 10−4 0.17± 0.09 5× 10−4
CD vs. MBH
γ-ray loud 228 0.33± 0.07 5.7× 10−4 0.01± 0.10 8.7× 10−1
γ-ray quiet 181 0.45± 0.08 1.3× 10−4 0.18± 0.10 1.3× 10−2
All sources 409 0.30± 0.05 < 1× 10−5 0.00± 0.09 7.3× 10−1
Ldisk/LEdd vs. γb
γ-ray loud 311 −0.33± 0.06 4.4× 10−5 — —
γ-ray quiet 191 −0.28± 0.08 7.4× 10−3 — —
All sources 502 −0.30± 0.05 < 1× 10−5 — —
Ldisk/LEdd vs. Rdiss
γ-ray loud 311 −0.60± 0.04 < 1× 10−5 — —
γ-ray quiet 191 −0.64± 0.05 < 1× 10−5 — —
All sources 502 −0.64± 0.03 < 1× 10−5 — —
CD vs. Ldisk
γ-ray loud 311 0.61± 0.04 < 1× 10−5 0.36± 0.08 < 1× 10−5
γ-ray quiet 191 0.61± 0.05 < 1× 10−5 0.42± 0.08 < 1× 10−5
All sources 502 0.51± 0.04 < 1× 10−5 0.31± 0.07 < 1× 10−5
CD vs. Pjet
γ-ray loud 324 0.50± 0.05 < 1× 10−5 0.22± 0.07 < 1× 10−5
γ-ray quiet 191 −0.02± 0.07 4.7× 10−1 −0.20± 0.09 3× 10−3
Table 10 continued
28 PALIYA ET AL.
Table 10 (continued)
N ρs PNC ρpar PNC
All sources 515 0.32± 0.05 < 1× 10−5 0.09± 0.06 6.7× 10−3
Ldisk vs. z
γ-ray loud 311 0.70± 0.03 < 1× 10−5 — —
γ-ray quiet 191 0.73± 0.04 < 1× 10−5 — —
All sources 502 0.74± 0.02 < 1× 10−5 — —
Pjet vs. z
γ-ray loud 324 0.50± 0.05 < 1× 10−5 — —
γ-ray quiet 191 0.45± 0.06 < 1× 10−5 — —
All sources 515 0.49± 0.04 < 1× 10−5 — —
CD vs. z
γ-ray loud 324 0.53± 0.05 < 1× 10−5 — —
γ-ray quiet 191 0.32± 0.07 1.2× 10−3 — —
All sources 515 0.54± 0.04 < 1× 10−5 — —
NOTE—N denotes the number of sources. Whenever applicable, we also provide the
results associated with the partial correlation analysis. ρs and ρpar correspond to Spear-
man’s rank-correlation coefficients for a simple correlation and partial correlation test,
respectively. The associated probabilities of no correlation are also given. We perform
a semi-partial correlation test when one of the parameters is Compton dominance, a
redshift-independent quantity. See the text for details.
